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Abstract This study investigates the impact of a wide spectrum of Knowledge and
Technology Transfer (KTT) activities (educational and research activities, activities
related with technical infrastructure, and consulting) on two innovation indicators (a) in the
framework of an innovation equation with variables for specific forms of KTT activities as
additional determinants of innovation, and (b) based on a matched-pairs analysis for
several specific forms of KTT activities. The data used in the study were collected by
means of a survey of Swiss enterprises that took place at the beginning of 2005. We found
that research and educational activities improve the innovation performance of firms in
terms of sales of considerably modified products, research activities in addition also in
terms of sales of new products. This could be shown by several methods: the innovation
equation approach with instrument variables for specific forms of KTT activities as well as
two matching methods.
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1 Introduction and plan of the study
The topic ‘‘knowledge and technology transfer’’ has spurred great interest among academic
researchers and policy-makers since many years. The interaction of business sector and
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science institutions through the exchange of knowledge and technology has become a
central concern not only for applied economics but also for economic policy in the last
years.1 In a knowledge economy, science is exerting an increasingly large influence on
innovation, especially in fast-growing knowledge-intensive industries. Thus, the extent and
intensity of industry-science relationships is considered to be a major factor contributing to
high innovation performance, either at the firm-level, industry-level or country-level (see
OECD 2002).
Experiences of the USA suggest that research excellence of publicly financed science
institutions and commercialization of research results by private enterprises are compatible
goals which reinforce each other, if both sides adopt a long-term perspective (as e.g. in
aerospace, computers and telecommunication). However, there is accumulating evidence
that many OECD countries are lagging behind in terms of KTT. The interface between
business firms and science institutions, especially universities, has to be improved and as a
consequence knowledge and technology transfer activities have to be intensified. Also in
Switzerland it is asserted by many observers that the industry-science interface is far from
being satisfactory (see e.g. Zinkl and Huber 2003).
Particularly in the view of policy-makers an intensive exchange of knowledge is not a
goal by itself but a means to seizable economic benefits. Measuring the impacts of
transferred knowledge and technology is a methodological challenge for economists
because the impacts are usually numerous and they are almost always difficult to separate
from other parts of firm activities. In many instances, determining the meaning of
knowledge transfer ‘‘effectiveness’’ proves to be a difficult task.2 In order to be able to
check the robustness of our results we choose a multiple approach, using both parametric
and semi-parametric econometric methods.
This study investigates the impacts of a spectrum of Knowledge and Technology
Transfer (KTT) activities (general information, educational and research activities, activ-
ities related with technical infrastructure, and consulting) on several innovation indicators
(a) in the framework of an innovation equation with variables for specific forms of KTT
activities as additional determinants of innovation, and (b) based on a matched-pairs
analysis for several specific forms of KTT activities. A specific aim of the paper is to
identify differences among specific forms of KTT activities with respect to their impact on
a firm’s innovation performance. The data used in the study were collected by means of a
survey of Swiss enterprises that took place at the beginning of 2005.
New elements of the analysis are: (a) the differentiated measurement of a wide spectrum
of KTT activities covering 19 single forms of KTT activities; (b) the use of alternative
methods for estimating the impact of KTT activities on innovation performance (matched-
pairs analysis, innovation equations); (c) the wide coverage of industries and firm size
classes. This is the first study on this topic for the Swiss economy.
In Sect. 2 we present a summary of empirical literature. Section 3 deals with the data
used in this study. In Sect. 4 data on the several forms of KTT activities taken into
1 Economics: see e.g. volume 34, issue 3 of Research Policy of April 2005 (edited by A.N. Link and D.S.
Siegel) dedicated to ‘‘University-based Technology Initiatives’’; ‘‘Academic Science and Entrepreneurship’’
(edited by A. Jaffe, J. Lerner, S. Stern and M. Thursby), forthcoming in the Journal of Economic Behaviour
and Organization; volume 28, issue 3–4 of the Journal of Technology Transfer of August 2003 devoted to
the ‘‘Symposium on the State of the Science and Practice of Technology Transfer’’. Policy: see e.g. OECD
(2003), OECD (2002) and OECD (1999).
2 See e.g. Bozeman 2000; Georghiou and Roessner (2000) for recent reviews of the central issues related to
this question; for reviews of the related econometric issues see e.g. Klette et al. (2000); Hall and Van
Reenen (2000).
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consideration in this study are presented. In Sect. 5 we introduce a simple model of
innovation performance and test the hypothesis of specific KTT activities correlating
positively with innovation performance measured e.g. by the sales share of new products.
In a further step we investigate in Sect. 6 the same hypothesis in a different setting by
comparing the innovation performance between firms with and firms without specific types
of KTT activities with the help of matched-pairs analysis based on two different matching
methods. Finally, Sect. 7 contains a summary and some conclusions.
2 Summary of empirical literature
We concentrate here on empirical studies investigating the impact of KTT activities on the
innovation performance at firm level based on direct measures of KTT activities empha-
sizing formal R&D co-operation and/or the intensive use of university knowledge as
external knowledge source via publications, educational activities etc. (10 studies;
Table 1). The main criterion for the choice of the studies reported in the Table 1 was that
the studies should be based on firm-level data.3
Most of the studies that are based on direct measures of KTT activities, primarily R&D
co-operation and/or intensive use of university knowledge as an external knowledge
source, found a positive effect of KTT activities on different measures of innovation such
as the propensity of registering an innovation for patenting, the number of patents appli-
cations, the R&D intensity, the introduction of product and/or process innovations as well
as the sales share of innovative products. This was particularly the case for R&D co-
operation in European countries (Germany, France, Sweden). However, a study dealing
with projects supported by the Advanced Technology Programme (ATP) in the USA could
not find any significant effect of university participation in such projects on the generation
of new technology applications. Moreover, university participation showed even a negative
effect on the expectation of commercialization of new inventions.
On the whole, the results are indicative but not completely comparable because some of
the observed differences can be traced back to differences with respect to the sectors and
industries covered in the studies, the specification of the variables of KTT activities and the
nature of the investigations (cross-sectional versus longitudinal approach).
3 Data
The data used in this study were collected in the course of a survey of Swiss firms that
yielded data on the incidence of KTT activities, on forms, channels, motives and imped-
iments of the KTT activities as well on some basic firm characteristics (innovation and
R&D activities, investment, sales, exports, employment and employees’ vocational edu-
cation).4 The survey was based on a (with respect to firm size) disproportionately stratified
random sample of firms with at least five employees covering all relevant industries of the
manufacturing sector, the construction sector and selected service industries (excluding
industries with an expected very low propensity of KTT activities such hotels/catering,
3 For recent studies on the impact of public R&D expenditure on business R&D at country or sector level
see e.g. Guellec and van Pottelsberghe de la Potterie (2003) (17 OECD countries); Bo¨nte (2004) (West
German manufacturing industries).
4 Versions of the questionnaire in German, French and Italian are available in http://www.kof.ethz.ch.
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retail trade, real estate/leasing, personal services) as well as firm size classes (on the whole
25 industries and within each industry three industry-specific firm size classes with full
coverage of the upper class of large firms). Valid answers were received from 2,582 firms,
i.e. 45.4% of the firms in the underlying sample. The response rates do not vary much
across industries and size classes with a few exceptions (over-representation of wood
processing, energy industry and machinery, under-representation of clothing/leather
industry). The non-response analysis (based on a follow-up survey of a sample of the non-
respondents) did not indicate any serious selectivity bias with respect to the incidence of
KTT activities with science institutions. About 671 firms reported KTT activities of var-
ious types (26.0%). These firms were used in this analysis (see Table A.1 in the appendix
for the composition of used data set by industry and firm size). The fact that we used only a
subset of the original sample may raise the question of a possible sample selectivity bias.
This issue was pursued in another study (see Arvanitis et al. 2005). The estimates of a
Heckman selectivity model (dependent variable of the selectivity equation: overall KTT-
activities yes/no; (alternatively) dependent variables of the censored equation: four specific
forms of KTT-activities as defined in this study) showed no correlation between the
selectivity and the censored equation. So we refrained in this study from corrections for
selectivity bias as it is not necessary. We also refrained from substituting for missing
values due to item non-response.
4 Forms of KTT activities: descriptive analysis and construction of the KTT
variables for the econometric analysis
The KTT-active firms were asked to evaluate the importance of 19 different single forms of
KTT activities on a five-point Likert scale ranging from 1 (‘‘not important’’) to 5 (‘‘very
important’’). These 19 single forms were classified in five categories: informal informa-
tional activities, educational activities, activities related to technical infrastructure,
research activities and consulting (see Table 2).
‘‘Tacit’’ forms of KTT were more important than ‘‘codified’’ ones. More than 50% of
KTT-active firms in Switzerland found (a) informal, personal contacts that aim at gaining
some general information on technological opportunities and/or (b) a wide spectrum of
educational activities as the most important forms of KTT activities (see row 1 and 8 in
Table 2). Between 12% and 18% aimed primarily at utilizing research activities, activities
related to technical infrastructure and consulting activities (see row 5, 18 and 22 in
Table 2).
At a more detailed level, firms reported ‘‘reading of and referring to publications’’
(33.1% of KTT-active firms), ‘‘attending conferences and workshops’’ (30.4%) and
‘‘informal contacts’’ (30.4%) as the most important single KTT activities (see Table 2).
Other important activities were ‘‘attending university training courses by firm employees’’
(22.1%), and ‘‘employing graduates in R&D’’ (18.4%). Among educational activities
writing diploma theses on a subject of special interest for a firm was also of a certain
importance (15.7%). Finally, co-operation in R&D was very important for 16.3% of KTT-
active firms.
In fact, KTT-active firms combined different forms of KTT. High-tech firms as well as
firms in the knowledge-based services and in construction most frequently combined two
main groups of forms, namely informal informational and educational activities.
We constructed four dichotomous variables for the KTT activities, one for each of four
of the five categories distinguished in the descriptive analysis: (a) utilization of educational
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activities (variable EDUC: 1: firms reporting 4 or 5 on a five-point Likert scale with respect
to at least one out of nine single forms of educational activities; 0: all other KTT-active
firms); (b) utilization of research activities (variable REAS: 1: firms reporting 4 or 5 on a
five-point Likert scale with respect to at least one out of three single forms of research
activities; 0: all other KTT-active firms); (c): utilization of university technical facilities
(variable INFR: 1: firms reporting 4 or 5 on a five-point Likert scale with respect to at least
one out of two single forms of infrastructure-oriented activities; 0: all other KTT-active
firms); (d): use of consulting (variable CONS: 1: firms reporting 4 or 5 on a five-point
Likert scale with respect to at least one out of two single forms of research activities; 0: all
other KTT-active firms). We did not construct a variable for informal contacts of general
informational character because these build very often the background for the other four
types of activities.
Table 2 Forms of KTT activities
KTT main forms/single forms Percentage of KTT-active firms
reporting 4 or 5 on a five-point
Likert scale (1: ‘not important’;
5: ‘very important’)
Informal(variable INFO)a 56.6
Informal contacts 30.4
Attending conferences 30.4
Reading of, referring to publications 33.1
Technical infrastructure (variable INFR)a 11.9
Common laboratory 3.9
Use of university technical infrastructure 10.7
Education (variable EDUC)a 52.3
Employing graduates in R&D 18.4
Contacts with university of graduates employed in R&D 10.1
Students’ participation in firm R&D 10.9
Joint diploma theses 15.7
Joint PhDs 7.0
University researchers’ participation in firm R&D 10.1
Common courses 3.8
Teaching of firm researchers at the university 7.7
Attending university training courses 22.1
Research (variable REAS)a 17.8
Joint R&D projects 16.3
Long-term research contracts 5.0
Research consortium 4.1
Consulting (variable CONS)a 15.3
Expertise 11.1
Consulting 13.8
N 671
Note: a Percentage of firms reporting a value 4 or 5 on a five-point Likert scale (1: not important’; 5: ‘very
important’) at least in one of the single forms belonging to the corresponding main category of forms of
KTT activities
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5 Impact of KTT activities on innovation performance I: a model of innovation
and technology transfer
5.1 Conceptual background and main hypothesis, model specification and estimation
method
5.1.1 Conceptual background and main hypothesis
Our main hypothesis is that KTT activities would improve the innovation performance of
firms. This KTT effect could be traced back to an increase of technological opportunities
anticipated by firms due to university-industry knowledge transfer. This would include
effects from a wide palette of KTT activities such as exchanging scientific and technical
information, various educational activities (e.g. recruitment of R&D personnel from the
universities, joint PhDs, specialized training courses), consulting, use of technical infra-
structure, and, of course, co-operation in research. The prominent role of technological
opportunities as a major supply-side determinant of innovation is often emphasized in
literature (see e.g. Klevorick et al. 1995; for the empirical relevance of technological
opportunities for US firms; for Swiss firms see Arvanitis and Hollenstein 1996). We do not
have a priori any specific hypotheses with respect to different impacts of different forms of
KTT activities. In the literature joint R&D is emphasized; it is mostly the only type of
interaction between universities and firms that is taken into consideration. We expect to
find empirically some answers to this question.
For the specification of the innovation equation we build on the ‘‘resource-based’’ view
of firms’ behaviour (see e.g. Barney et al. 2001). The resource endowment of the firm with
respect to physical and human capital is besides firm size the most important determinant
of innovation performance taken into consideration in our model.
Finally, for the specification of the determinants of the four types of KTT-activities
measured by the variables REAS, EDUC, CONS and INFR respectively we used the model
developed in Arvanitis et al. (2005).
5.1.2 Model specification
The equations for the two innovation variables, the logarithm of the sales share of new
products (LNEWS) and the logarithm of the sales share of significantly modified already
existing products (LIMPS), contained as independent variables proxies for the intensity of
human capital (LQUAL; logarithm of the share of employees with tertiary-level educa-
tion), the intensity of physical capital (LCI: gross investment per employee), the affiliation
of the firm (FOREIGN; foreign firm yes/no), and control variables for firm size (6 dummy
variables) and sector (4 dummy variables). According to standard empirical evidence from
earlier studies we expected positive effects for LQUAL, LCI and the firm size. Finally, we
included alternatively the four dichotomous variables for the KTT activities (EDUC,
REAS, INFR, CONS) as defined in Sect. 4. The effect of the variable FOREIGN was not
a priori clear. In sum, the innovation equations were specified as follows:
ðLNEWS; LIMPSÞ ¼ f ½LC; LQUAL; FOREIGN; ðEDUC; REAS; CONS; INFRÞ;
firmsizedummies; controlsforsectors ð1Þ
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(LNEWS and LIMPS were used alternatively as dependent variables, EDUC, REAS,
CONS, INFR were used alternatively as independent variables in Eq. 1.
However, being involved in KTT activities is not exogenous to innovation activities.
Innovative firms have a tendency to acquire external knowledge, particularly science-based
knowledge, to complement the in-house generated know-how. We accounted for this
endogeneity effect by estimating an instrument variables version of each innovation
equation for every specific type of KTT activities (EDUC, REAS, INFR, CONS). As
instruments were used a series of firm characteristics which are relevant for KTT activities
but do not correlate strongly with the innovation variables, at least one of them does not
correlate at all either with the innovation variables or the residuals of the innovation
equations. These were the export intensity (logarithm of exports as a share of sales; LEXP),
the firm age (logarithm of firm age; LAGE), variables for five groups of obstacles of KTT
activities constructed through a principal component factor analysis of 26 single obstacles
(OBSTACLE1– OBSTACLE5), variables for four groups of motives of KTT activities
constructed through a principal component factor analysis of 20 single motives
(MOTIVE1–MOTIVE4) and dummy variables for the geographical location (see Arvanitis
et al. 2005 for the motivation for this specification and details for the construction of the
variables). In sum, the equations for the specific forms of KTT activities are specified as
follows:
ðEDUC; REAS; CONS; INFRÞ ¼ g½LEXP; LAGE; MOTIVE1  MOTIVE4; OBSTACLE1
 OBSTACLE5; controls ð2Þ
(EDUC, REAS, CONS, INFR were used alternatively as dependent variables in Eq. 2)).
5.1.3 Estimation method
We used a two-step procedure. In a first step we estimated probit models for all four
variables for KTT activities (see Table A.2 in the appendix for the estimates). Based on the
parameters of these models we obtained estimates for EDUC, REAS, INFR and CONS
respectively that were then inserted alternatively as instrument variables in the innovation
equations. The two dependent variables being truncated at zero because of the portion of
firms with zero sales, we used the tobit procedure to estimate both innovation equations.
We avoided sample selection bias by taking account also of the firms with zero sales of
new products or sales of strongly modified products.
5.2 Results
Table 3 shows the tobit estimates for the two dependent variables (LNEWS, LIMPRS)
with REAS and EDUC instrumented respectively (see Table A.4 in the appendix for the
descriptive statistics and Table A.5 for the correlation matrix). As already mentioned, in a
first step we estimated probit models for all four variables for KTT activities (see Table
A.2 in the appendix for the estimates). We refrain here from commenting on these esti-
mates that were only used for the instrumentation of the variables for the specific types of
KTT activities (see Arvanitis et al. 2005 for a thorough discussion of these results).
The two variables reflecting the firms’ resource endowment (LQUAL and LCI) have the
expected positive signs in all four estimates but they are statistically significant (at the 10%
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and 5% level respectively) only in the estimates for LNEWS (columns 1 and 3 in Table 3).
The estimated coefficient of the human capital intensity is somewhat larger than that of
capital intensity in both estimates for LNEWS indicating the particular importance of
human capital in the innovation process. Seemingly, it does not make a difference if the
firm is domestic or foreign.
The variables EDUC and REAS show the expected positive sign and are highly sig-
nificant in all four estimates of the innovation equation (NEWS, LIMPS) (column 1–4).
This is an important result emphasizing the relevance of educational as well as research
activities in co-operation with science institutions for a firm’s innovation performance.
Finally, firm size is positively correlated with the innovation variables quite in accordance
with standard empirical results of earlier studies.5
Table 4 contains the tobit estimates for the two dependent variables (LNEWS, LIMPS)
with INFR and CONS instrumented respectively. Positive effects for LQUAL and LCI
were also found in these estimates but only those for LNEWS were statistically significant
at the 5% and 10% test level respectively (column 1 and 3). There is no significant effect
for the variable FOREIGN also in the estimates in Table 4. Finally, there is also in this case
a discernible positive size effect.
The variable INFR shows a positive and statistically significant effect only in the
estimates for LNEWS (column 3). Thus, the utilization of university technical infra-
structure seems to serve primarily to the development of new products. We could not find
any statistically significant effect for consulting activities (column 1 and 2).
In sum, activities utilizing educational (variable EDUC) and research activities (variable
REAS) seem to improve considerably the innovation performance of firms both in terms of
sales of new products and sales of considerably modified products. No discernible dif-
ferences could be found between these two most important categories of KTT activities
with respect to the market-oriented innovation indicators used in this study. A positive
impact was also found for activities related mainly to the utilization of university technical
infrastructure (variable INFR) with respect to the sales of new but not of significantly
modified products. No impact could be found for consulting activities (variable CONS).
Since the results are only cross-section estimates, it was not possible to test directly the
existence of causal relations between the independent variables, particularly EDUC and
REAS, and the dependent variables. Nevertheless, some robust regularities came out,
which if interpreted in view of our main hypothesis could possibly indicate the direction of
causal links.
6 Impact of KTT activities on innovation performance II: a matched-pairs analysis
6.1 Main hypothesis, model specification and method
6.1.1 Main hypothesis
Our main hypothesis is that KTT activities, particularly research projects and/or educa-
tional activities in co-operation with universities, would show on average a significantly
higher innovation performance, measured through output innovation measures (sales share
of new products or sales of considerably modified products) than ‘‘structural similar’’ firms
5 Estimates based on an alternative specification of firm size with a linear and a quadratic term with respect
to the number of employees showed a relationship of an inverse U-shape. This is in accordance with earlier
findings; see e.g. Arvanitis (1997).
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without such activities. To show this we also used matched-pairs analysis which can be
viewed as an alternative approach to the innovation model presented in the previous
section.
6.1.2 Model specification and method
In order to measure appropriately the influence of a specific type of KTT activities
(‘‘treatment effect’’)6 on a firm’s innovation performance we should be able to measure the
performance difference of the two ‘‘states’’ (involved/not involved in a certain type of KTT
activities) of a firm, keeping all other things equal. Mostly only one of these two possible
states observable: either is a firm involved or not involved in a certain type of KTT
activities. Thus, the proper comparison of these states is in most cases not possible.
Heckman et al. 1998 developed a methodology to approximate this non-observable
(‘‘counterfactual’’) state of a certain firm with the observable same state of another firm
which is ‘‘structurally similar’’ to the first one according to a series of firm characteristics
formally defined by a vector X. Thus, besides the group of firms which are KTT-active in a
certain way (e.g. with respect to research or educational issues) we need a pool of firms
which are not KTT-active in the same way (control group) out of which ‘‘structurally
similar’’ firms are selected according to a ‘‘proximity’’ criterion. The comparison of the
two states for KTT-active firms and firms which are not KTT-active with respect to a
certain type of activities is performed by comparing the means of the innovation perfor-
mance variables for the ‘‘treated’’ firms and the ‘‘twin’’ ‘‘non-treated’’ firms matched to the
‘‘treated’’ ones according to the proximity criterion that we apply here. The multi-
dimensionality of the matching problem (matching with respect to each single element of
vector X) can be reduced under certain conditions (see Rosenbaum and Rubin 1983) to a
mono-dimensional (scalar) propensity score which comprehends the entire information of
all relevant characteristics. If Y1i is a vector of innovation measures for the treated firm i
[i[(d = 1)] and Y0i the corresponding vector for a firm j belonging to the control group
[j[(d = 0)], which is the twin firm to firm i, then the performance difference between the
two firms is defined as:
DY ¼ Y1i  Y0i ð3Þ
In a first step we estimated the propensity scores P(X) by applying a probit model of the
probability of a firm to get involved in a certain form of KTT activities (see Table A.3 in
the appendix). We distinguished four types of KTT activities, which are described by the
dichotomous variables REAS, INFR, CONS (see Sect. 4 for the construction details) and
EDUC1 (1: firms reporting 4 or 5 on a five-point Likert scale with respect to at least one
out of nine single forms of educational activities and taking the value 0 for the variable
REAS; 0: all other KTT-active firms).7
As independent variables X we used variables for a firm’s endowment (LQUAL; LCI),
the degree of exposition to international competition (LEXP), firms’ affiliation
6 The expression ‘‘treatment effect’’ comes from the labour market research, where individuals are ‘‘trea-
ted’’ via a concrete policy measure. It is used here analogously for firms involved in KTT activities, even if
this is not the result of any policy measure.
7 Firms with a focus in educational activities without the additional restriction ‘‘taking the value 0 for the
variable REAS’’ (as in variable EDUC in Sect 5) could not be matched because the number of available
control firms in this case is considerably lower than the number of treated firms.
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(FOREIGN), variables for five groups of impediments of KTT activities constructed
through a principal component factor analysis of 26 single obstacles (OBSTACLE1–
OBTACLE5), variables for four groups of motives for KTT activities also constructed
through a principal component factor analysis of 20 single motives (MOTIVE1–
MOTIVE4) and a series of dummy variables controlling for industry, firm size and geo-
graphical location (see Table A.3 in the appendix for more details and Arvanitis et al. 2005
for a discussion of the model specification used).
In a second step all firms were distributed to adjustment cells according to the quintiles
of the estimated propensity scores. The search for a ‘‘twin’’ firm is then restricted only to
the firms of the same adjustment cell, i.e. quintile of propensity scores.
In a third step the ‘‘structurally similar’’ firm inside an adjustment cell was identified for
each treated firm. We used two different matching methods to identify the structurally
similar firms out of the pool of the non-treated firms. According to the first method used,
nearest neighbour matching, the ‘‘twin’’ firm j to firm is one fulfilling the condition:
minijPi  Pjj ð4Þ
whereas Pi, Pj are propensity scores for the firms i and j respectively. The treated firm can
have a higher or a lower propensity score than the non-treated one, therefore the absolute
value of the difference of the two propensity scores has to be considered. The second
method used in this study, caliper matching, is based on the same proximity measure as the
nearest neighbour method which in this case is restricted up to a certain value e (maximum
admissible difference of the propensity scores):
jPi  Pjj\e ð5Þ
Different adjustment cells can have different e values; the e values are dependent on the
distribution of the propensity scores inside an adjustment cell.
In a fourth and last step the means of the variables measuring innovation performance of
the group of the treated firms and the group of the ‘‘twin’’ non-treated firms were compared
by means of a two-tailed t-test for the difference of the means. We used two innovation
variables: (1) sales of new products as a percentage of total sales; (2) sales of significantly
improved or modified (already existing) products as a percentage of total sales.
6.2 Results
We discuss here the results based on two matching methods, neighbour matching and
calliper matching (Tables 5–8). The findings are quite robust with respect to both methods.
As an additional check we calculated the means of the covariates of the propensity scores
estimates (see Table A.3 in the appendix) separately for the ‘‘treated’’ firms and the
matched ‘‘non-treated’’ firms and tested the statistical significance of the difference of the
means for each covariate by a two-tailed t-test. None of the differences was found to be
statistical significant at the 5% test level.
Firms with primarily research co-operations with universities show on average a sales
share of new products, which is about 35% higher than that of firms that concentrate on
other types of KTT-activities (row 1 in Table 5). The difference with respect to consid-
erably modified products is even higher (about 65%; row 2 in Table 5). We obtained
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similar results also by caliper matching (row 3 and 4 in Table 5). Thus, a stronger research
orientation seems to contribute to a higher performance with respect to product innovation.
For firms utilizing primarily educational activities we find that the sales share of new
products is not significantly higher than that for firms without such activities (rows 1 and 3
in Table 6). The firms exploiting education activities are better the rest of the firms in terms
of significantly modified products (on average the respective sales share is about 30%
higher; row 2 in Table 6).
The results for the rather few firms utilizing consulting activities or activities related to
technical infrastructure show no discernible differences of innovation performance in
comparison to other KTT-active firms (Tables 7 and 8).
7 Summary and conclusions
This study investigated the impacts of a palette of Knowledge and Technology Transfer
(KTT) activities (educational and research activities, activities related with technical
infrastructure, and consulting) on two innovation indicators (a) in the framework of an
innovation equation with variables for four specific forms of KTT activities as additional
determinants of innovation and (b) based on a matched-pairs analysis for four forms of
KTT activities.
In sum, KTT activities with research institution and/or institutions of higher education
seem to improve considerably the innovation performance of firms both in terms of sales of
new and considerably modified products, whereas the two effects are of comparable
magnitude. This is a first important result, which seems to be quite robust across methods
(see row 1 in Table 9).
Partly this is also the case for educational activities (see row 2 in Table 9). We found
empirical support for a better performance based on such activities for all used methods
only with respect to the sales shares of modified products. For new products we obtained
evidence for a significantly higher performance only for the innovation equation but not for
the two matching methods. Thus, this result is not as robust as that for research activities.
No impact could be found for activities related mainly to the consulting (row 3 in
Table 9). This is also a quite robust result across all methods used in this study. According
to the results of the matching methods, firms utilizing primarily the university technical
infrastructure did not differ from structural similar firms with other forms of KTT activities
in any type of innovation activities. This result is confirmed only partly, namely with
respect to sales share of significantly improved products, by the results of the innovation
equations; with respect to sales share of new products we found a positive effect in the
respective innovation equation which is in contradiction to the statistically insignificant
effect according to the matching methods.
New elements of the analysis are: (a) the differentiated measurement of KTT activities
covering 19 different single forms of KTT activities that were grouped to four categories;
(b) the use of alternative methods for estimating the impact of KTT activities on innovation
performance (innovation equations; matched-pairs analysis); (c) the wide coverage of
industries and firm size classes. The main drawback of the study is the lack of data for
more than one point of time that does not allow confirming the cross-sectional findings in a
longitudinal framework. We hope to be able to offer some remedy for this problem in the
near future.
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Appendix
Table 9 Summary of results
Innovation equations Matching methods
Near neighbour Caliper
LNEWS LIMP LNEWS LIMP LNEWS LIMP
REAS + + + + + +
EDUC + + ns + ns +
CONS ns ns ns ns ns ns
INFR + ns ns ns ns ns
Note: + : Statistically significant positive coefficient of the respective KTT variable (innovation equation);
statistically positive difference of the means of active and non-active firms (matching methods) (10% test
level); ns: statistically insignificant (10% test level)
Table A.1 Composition of the dataset of KTT-active firms by industry, firm size
N Percentage of the total
Industry
Food, beverage 34 5.1
Textiles 9 1.3
Clothing, leather 0 0.0
Wood processing 9 1.3
Paper 9 1.3
Printing 17 2.5
Chemicals 37 5.5
Plastics, rubber 13 1.9
Glass, stone, clay 13 1.9
Metal 9 1.3
Metal working 37 5.5
Machinery 117 17.5
Electrical machinery 33 4.9
Electronics, instruments 67 10.1
Watches 6 0.9
Vehicles 9 1.3
Other manufacturing 12 1.8
Energy, water 16 2.4
Construction 32 4.8
Wholesale trade 35 5.2
Transport 21 3.1
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Table A.1 continued
N Percentage of the total
Banks, insurances 35 5.2
Computer services 28 4.2
Business services 67 10.1
Telecommunication 6 0.9
Firm size
5–19 employees 79 11.8
20–49 employees 103 15.4
50–99 employees 125 18.5
100–199 employees 128 19.1
200–499 employees 144 21.4
500–999 employees 52 7.8
[1,000 employees 40 6.0
Total 671 100.0
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